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Foreword

Although this is the final report of Navy Research

Pro-ject N7 onr - 28808, it does not. represent a summary

of the work done or the results obtained under this

prooJect. Rather, it is a continuation of the seventh

and eight reports. and should be read in conjunction
with these reports.

Much of the analysis presented In this report is

not n.w. As a s•mma.-r of known facts, however, it may

be of value in the design of trigger circuits. Appli-

cation of the method of analysis of Technical Report

No. Eight in the determination of the figure of merit

for high-speed triggering is believed to be new.
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When the triggering voltage applied to Eccles-Jordan circuit is

equal tn or slightly larger than the minimuim value required to initiate

change of equilibrium state, or if' the triggering amplitude is considerably

greater than the minimumr value but rises very slowly, the chanwe of state

is a regenerative process involving both tubes. On tho other hand by the

use of a negative triggering voltage of short rise time, high amplitude,

and long duration applied to the grid of the initially conducting tube,

it ia possible to trigger the circuit in such t nrenor that the initially

conducting tube is •uddenly cut off and r"ains sc throughout thu change of

euilibrium state, The voltage across the load renistor of the initially

conducting tube is then a step function and the transfor precess is a

transient that does not involve tho initially conducting tube, A similar

situation obtains when a positivp triggerinS voltage of shart rioo time,

high w•lijtude, and long duratLon is applied to tho grid of the tube that

is initially nonconducting,

An analysis by Snowdon for the type cf t;ransition in which both tubes

participate indicates that a rapid triggering requires a h4h ratio of trans-

conductanae to effective tube input capacit-.n:e.I Th.'.s same result is

1 Snowdon, S, C., Ph, D. thesis, Cal. inst. of Tech., 1945. See Radiation

Laboratory Series, Vol. 19, SBc, 5.7 for Ln abstract.

ebthined by the methed of analysis discussed in the Eijhth Technical Report

of this project, in 1:hich the Ecoles-Jordan circuit is considered as a

'eedback amplifier. FiM~rc 1 shows the ccles-Jordan circuit, and Fig. 2

shows the two-stage direct. coupled amplifier from which it is derived by

connecting the otput terminai3 to the input terminals. The curve of Fig,

3 shows the g•e'.eral manner in which tho cutrpet voltage ea varies with the

input v•.tage e¶, and i-'ossiblo e:uilihrium values of voltage are these corres-

ponding tm the intr.rspction of the cur-.'eo %ith the straight line, e = e.1
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As pointed out in the oignth tcchni±al report, tho dynamio curve

aorreopondint to r-apidly changing voltanoa is lees steep than the

otatic curve, the etoopnese dlooroeaing with incroaso of rate nf
change of voltage. For a sufriciontly high rate of t'hango of volt-
ago, tho mplifiOction of the circuit of Fig. 2 i1; vnity, and the

slope of the dynamio ourve iv the same as that of tne straight

line, e Of 0 It this iz so, trano'or from one utate of equl-
librium to the othcr can take placo without violijtinr, the re,,uire-

ment that eo m eis tho rate of change of vov.tage at each instant

during the transfer necosearily adjusting i,'.f so that the overall

amplification is Qnity and the 5iap• of dynamic curve is also unity,
Because the reduction in slope of the dynamic charactoristic

is thru result of ahunt ct.paoitancis, and wecause the initial slope

is the low-frequency amplIfication of the amplifier, the value of
de 1/dt at which the slope (amplification) is reductd to unity in-

creases with increase of )ow-frequency amplification and vith

decrrase of shunt capacit.nces, The value of Rb used in trigger'

circuits is usunU..y a=11 in comparison vith the plate resistance
of the tube and Ra + Rc is usually much larger than Rb. Conse-

quotly the low-f-e:.uency voltage amplification is to P first

approximation equal to gmb ar.d the figuro of merit of the circuit

for rapid triggering is gmR./cQ, where Ce is the total effective
shunt capacitance of the tube. It should be noted that the in-

crease of de /dt resulting frow az, increase of Rb does not neces-

sar'ily reduce the time required for triggering, since total change

of ei between the t', states of equilibrium also increases w-ith

Rb.

When the triggering voltage has an amplitude considerably

greater chan the xinimr, value that causes the circuit to trigger

rnd when it rises iP. a time short in comparison with the triggering

tine, the behavior of the circuit depends upon a n~iter of factors,
including the magniitude of the voltage, its rise time, and its
duration. O,,e p'actical case that yields to analysis is that -,,

which the maýnituce of the triggering voltage rises very raptidly to

a value sufficient to cut nff the initially conducting tube or to
raise the grid volt.g.n of the initially nonconducting tube to tero,
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anci in which the duration of the triggering voltage exceeds the

time recuired for equilibrium to be establisho in all parts of

the circuit. If the plate current of the tube to which the control

pulse is applied is aooaed to ehnnge instantAnecously from its "on"

value to zero, or vice verca, and not to ahmn=o thereafter, the

rcaindor of the triggering process is a trinsient phenomenon in

which this tube does not participate,

If tube I is initially conducting and the triggering voltage

cuts this tube off, applicaticn of the triggering voltage is folluwed

by a transient period in which both tubes are cut off and charging
or discharging of the circuit capacitances through the circuit re-

sistances results in an xpWonential rise of grid voltage of tube 2.
During this portion of the transient, the input capacitance of tube

2 is merely the "cold' capacitance. When the grid voltage of tube

2 reaches the cutoff value, plate current starts flowing in this

tube and its plate voltage falls in a manner determi-ned both by

the rise of grid voltage and by the capacitances and r~sistance3 in

its plate circuit. During this portion of the transient, the input

capacitance of tube 2 is augmented as the result of the Miller

effect, and the rate of rise of grid voltage is consequently de-
creased. (Because of the high rate of change of grid voltage,

however, the amplification of tubs 2 is relatively low and the

Miller effect is much smaller than it would be i2 the same cir-

cuit were used as a low-frequency amplifier, When the grid volt-

age of tube 2 reaches the value at which tCrid conduction starts,

voltage' drop through the coupling resirjtor Rc prevents appreciable

further rize of voltage. Dring the remainder of the transient,

the plate voltage of tube I continues to ri3e exponentiallb" as its

plate-cathode capacitance charges, and the plate voltage of tube 2

falls exponentially as its plate-cathode capacitance discharges,
The equivalent circuit for this type of tri~pering is shown in Fig.

4. Opening of switch 31 represents the curtti;i off of tube 1 by the

impressed triggering pulse. Closing of switch 32 representi the

starting of plate current in tube 2, and thc closirng of 33 represents

the initiation of grid conduction in tube 2.
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A siailar series o: trarnionte takes pjACe If tube 1 iini-

tially nonconducting and a largo positive pulse is applied to the

grid of that tube,

Although the circuit of Fig. 4 is rather involved, simplifying

assumptions make the circuit amenable to solution. P'rthermoro,

the manner in which the various circuit eolm,:nta affect the speed

of transition can be seon by inspection.

The foregoing analyses indicate that the sped of triggering

may be increised in the followLn'g ways:

(1) By decreasing tube and circuit capacitances. Although

the Miller effect causes grid-plate capacitance to be more object-

ionable than grid-cathode and plate-cathode caracitance, this factor

is probably of considarably la Anpmtance t.hmn 4 an zlilfrs.

(2) When the circuit is triggered in such a marner that only

one tube participates in the switchIng transient, the spced of

triggerinr may be increased by decreasin? the load and coupling

resistances in order to reduce the RC time constants. When both

tubes participate in the entiru transfer !-rocoss, increse of load

resiotance increases the low-frrquoncy eMrlification and therefore

the rate of change of voltage. On the other hand, it increases

the total change of voltage betý;een itat-s. It sews likely that

there is an optimum valuc at which the time of transfer has a

minimum value.

(3) By increasing the tube transconductance. W'hen the circuit

is triggered in such a mnnner that both tubes participate in the

entire transfer process, increase of transconductance increases the

low-frequency amplification and therefore the rate of charge of

voltage at which the amplification is reduced to unity. When the

circuit is triggered in such a manner that only cne tube participates

in the transfer prccess, high transconductance favors rapid charging

of the effective load capacitance durin the portion of the transfer

transient in which the tube conducts. Increase of transccnductance

also reduces the 4nLm7un values of circuit resistances for which

the circuit has two stqble states. It therefore makes -ssible the

use of staller resistinces and therefore more rapid charge and dis-

charge of the circuit capacitances durinr the transfpr transients,
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(4) When the circuit tos triggered by means of a long large-

amplitu4e negative pulse appiind to the grid of the initially con.

ductun tube, tho speed of transfer is increased by an increase

of positive grid supply voltago. The reason for thic is that the

maximum voltage to which the input capacitance of the initially n=n-

cornucting tube is charged is limited to apprcximately zero by

voltage drop caused by the flow of grid current through the coupl-

ing resistor. The higher the impressed voltage in the grid cir-

cuit, the lower is the percentage of the final voltage to which
the capacitor charges and hence the shorter the charging time.

(5) The transfer time can be decreased by reducing the

range through which the plate and grid vol'Les change, As point-
a o4L under (2), if this is done by reducing the resistances b,

the reduction of low-frequency amplifioation reduces the rate of

change of voltage and the net effect may nit be to decrease the

transfer time. Furtherire, decreese of A reduces the stability

of the circuit in the two states of equilibri'= and therefore

makes it mere critical of adjustment and more susceptible to un-
desired triggering by fluctuations of supply voltage or noise,

A more satisfactory metl.od of reducirg the voltage change is

to use clamping (catching) diodes that limit the maximum and min-

imum .alue3 of triode plate voltage, as shown in Fig. 5. When

the voltage of either of the plates exceeds the voltage V., cnr-

duction of one of the upper diodes produces a large voltage drop

in R, that prevents appreciable further increase of plate volt-

age. Similarly,, if the voltage of either of the plates falls

below V2 ,condvation of one of the lower diodes prevents further

decrease of plate voltage. The plate voltage change during

trAnsition is therefore limited to approximately the difference

between V2 and V,# Ar. objection to clampinp the m.inizum plate

voltage is the effect of the relatively high cathode-hpater

capacitance of the lower diodes, which augments the plate-cathode

capacitance of the triodos, Although crystal diodes may be used,

the dependence of their characteristics upon temperature leads to
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other difficulties in some applications of the circuit. Tt may
then be desirable to clamp only the upper limit of plato-voltage
ocursion. 'hon clamping diodes are used, the pl~to load resistors
may be made la•rn enough to assure adecuato stability and law-

freruency amplification.

Compa•,iaon of the mechan!mms of triggering •'hcn both tubes

participnte in the transfer and vhen only one tube pnrticlptes

%-uJ.d appear to indicate that the speed of triggering should be

grenter i,,hen both tubCe participate. It had been hoped that an

oscillographic study of these t,'o typeus of triggering would yield

experimental confir4ation of this concluioon, and an extension,

without funds, of Contract N ? onr - 28808 was therefore requested

and granted. Unfortunatoly, the lack of availability of personnel

greatly limited the effort that could be put into this phase of

the contract, and conclusivo results have not yet been achieved.

It is the hope of the writer to continuo this work and to submit

a supplementary report at a later date.
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